yogurt cultures used in the fermentation of yogurt are unable to survive in the intestines after individuals consume the yogurt due to its low pH value (9) . Therefore, prophylactic use of yogurt is limited. However, on the other hand, this limitation encourages the production of different types of yogurts with different starter culture formulations. In particular, the use of probiotic cultures consisting of Lactobacillus acidophilus and bifidobacteria in yogurt production is increasing (10) . Thus, yogurt gains prophylactic and therapeutic value. Vitamins and enzymes produced by lactic acid bacteria contribute to host metabolism, while antimicrobial agents produced control the proliferation of undesired pathogens in the host (6) . It has been reported in several studies that these bacteria and other probiotic bacteria possess tumor suppression properties by reducing mutagenic, carcinogenic and genotoxic components in colorectal cancer, which is the third most common cancer in the world (11) .
Cinnamon (Cinnamomum) is derived from a tree belonging to the family Lauraceae. In studies, antioxidant, insecticide, antidiabetic, anti-inflammatory, anti-thrombosis and analgesic effects of cinnamon have been reported (12) . Many studies have shown that the components of cinnamon oil or its extract has an inhibitory effect on pathogenic microorganisms by 75-100% (13) . Cinnamon as the main component of , cinnamaldehyde, has antibacterial properties by inhibiting the synthesis and function of bacteria cell wall, the synthesis of nucleic acid and protein. The shelf life of the product was investigated in a study conducted by adding different amounts of cinnamon powder (0.3%, 1% and 2.5%) to pasteurized milk (14) . In this study, it was determined that the number of lactic acid bacteria in milk, in which cinnamon was added, was low compared to the control group in which cinnamon was not added. In another study, powder cinnamon in different concentrations did not have an antibacterial effect on Staphylococcus aureus, because the buffering capacity of milk and yogurt neutralized the acidity of cinnamon (15) . But powdered cinnamon has had a positive effect on the sensory quality of milk and yogurt.
In this study, probiotic yogurts with cinnamon added in different proportions were produced and the effect of cinnamon on microbiological, chemical and sensory properties of these yogurts was investigated.
Method

GC-MS Analysis of Cinnamon
Cinnamon was obtained from Bezmialem Vakif University, Phytotherapy Center (Istanbul, Turkey) and the chemical components of cinnamon were analyzed using gas chromatography-mass spectrometry (GC-MS) (Agilent 5977A, USA) method. The GC-MS system used provided these conditions: Injection volume (5 µL), inlet temperature (250 °C), split ratio (50:1), column (DB-WAX 60 m x 0.25x0.25), flow (1 mL/min He) and temperature program (10 ºC/min temperature increase, 5 min incubated and 70 ºC, 29 min incubated and 230 ºC).
Preparation of probiotic yoghurts added in different ratios of Cinnamon
Pasteurized cow's milk (3% fat) used in the production of yogurts was purchased from the market (Dost milk, Turkey). Regular yogurt and probiotic yogurt starter cultures (Streptocus thermophilus, Lactobacillus delbrueckii subsp. bulgaricus, Lactobacillus acidophilus and Bifidobacterium animalis ssp. lactis) were obtained commercially (Maysa food, Adana, Turkey). Starter culture and cinnamon at 0% (control group), 0.3% (cinnamon 1), 1% (cinnamon 2) and 2.5% (cinnamon 3) ratios were added to pasteurized milk heated at 45 ºC. Each experimental group was repeated 3 times. The amount of culture used in yogurt production and the incubation temperature were provided in according to company recommendation that produced the culture. After incubation, probiotic yogurts were matured at + starter 4 ºC for 24 hours and microbiological, chemical and sensory analyses of yogurts were performed.
Microbiological Analysis
Microbiological analyses of experimental probiotic yogurts were performed according to IDF and ISO standards (16) . Pepton powder, M17, MRS, MRS-CC and TOS-MUP agar plates used in the study were commercially obtained (Merck, Turkey). In aseptic conditions, 10 g of each experimental yogurt was weighed in sterile bags (Sterile Stomacher Bag, VWR, Turkey) with 90 mL 0.1% peptone water. Homogenization of the first and dilution (10 -1 ) was achieved in Stomacher (VWR, Italy). The adilution series were prepared up to 10 -7 . One hundred microliters were taken from each dilution and inoculated on agar plates mentioned above (17) . Inoculated MRS, MRS-CC and TOS-MUP media were incubated at 37 ºC in anaerobic conditions for 72 hours (Memmert, IN 110, Germany). Anaerobic conditions were provided using the anaerobic jar and related kits (Merck, Darmstadt, Germany). M17 agar plates were incubated for 24 hours at 45 °C in aerobic conditions after inoculation. Colony counter (Interscience, Scan 100, France) was used to evaluate agar plates after incubation. Streptococcus thermophilus in M17 agar plate, Lactobacillus delbrueckii subsp. bulgaricus in MRS agar plate, Bifidobacterium animalis ssp. lactis in TOS-MUP agar plate and Lactobacillus acidophilus bacteria in MRS-CC agar plates were identified. Only 25-250 colonies presented agar plates were evaluated (17) . The determined bacterial numbers were calculated as colony-forming unit (cfu)/g yogurt with the cfu formula.
Chemical Analysis
For quantitative analysis of the oil, 50 g of each yogurt sample was weighed (Ohaus Company, USA) and 5 mL ammonia (Merck 28-30%) was added and they were mixed together. Each specimen was studied twice. For this reason, 2 butyrometers (Funke Gerber, 0.1% sensitivity) were taken and 10 mL of sulfuric acid (Merck 90%, d=1.82) and 11 mL of prepared yogurt-ammonia mixture were added to each butyrometer. One mL of N-amyl alcohol (Merck 100%, d=0.815) was added to each. Butyrometers were centrifuged in the Gerber centrifuge (Funke Gerber Germany, T=65 ºC, 1350 rpm) for 5 min. After centrifugation process, butyrometers were kept in water bath (J. P. Selecta, Spain) at 63 ºC for 10 minutes and centrifuged for another 5 minutes. The results were read from the butyrometer and fat ratio was calculated in percentage (18) .
Some sea sand (Merck, Turkey) was added into the petri dishes for oil-free dry matter analysis and dried at 103 ºC in drying-oven (Binder, ED 115, Germany). It was then cooled in a desicator and weighed on the precision scale (Ohaus, USA). Three grams from homogenized yogurt sample were transferred to the Petri box and dried in drying-oven at 103 ºC for 2 hours and then cooled in a decicator. The resulting sample was weighed at the precise scale and the percentage amount was calculated by mass as m/m (19) .
Protein content analysis of experimental yogurt groups was done by formol titration method (19) . Fifty g of yoghurt sample was weighed (OHAUS, USA) and 50 mL of destile water was added. Then 0.5 mL of 2% phenolphthalein (Merck, Turkey) and 2 mL of saturated potassium oxalate (Merck, Turkey) were added and mixed. The mixture was titrated 2 minutes later with 0.1 N of sodium hydroxide (NaOH) (Merck, Turkey) until it slightly got pink. Then 10 mL of formaldehyde (Merck, Turkey) was added to the mixture and mixed. After waiting 1 min, the mixture was titrated with 0.1 N NaOH until the pink color was obtained again. Finally, the amount of protein in yogurts and the amount of 0.1 N NaOH solution titrated were calculated.
For titration acidity determination, 10 g of samples from experimental yogurt groups were weighed and 10 mL of distilled water was added. 0.5 mL phenolphthaline (Merck, Turkey) was added to the mixture and titrated with 0.1 N NaOH until it received a pink color that did not disappear for about 30 seconds. Titration acidity was calculated with the amount of 0.1 N NaOH used (18) .
The pH values of experimental yogurt groups were measured with a calibrated heat-sensor pH meter (Mettler-Toledo, Switzerland) containing a xerolyt polymer electrolite filled electrode (20) .
Sensory Analysis
The probiotic yogurts produced were evaluated by the project researchers as blind according to the Turkish Standards (19, 21) . In general, yogurt must comply with TS 1330 Yogurt Standard in terms of appearance, consistency, smell and taste and must receive at least 4 points from each feature and 16 points in total.
Statistical Analysis
Data from microbiological and chemical analyses of experimental probiotic yogurts were evaluated using the SPSS 16.0 statistical package program. The Mann-Whithney U test was performed to compare the result of each cinnamon group with the control group and to determine whether there was a statistical difference between them. P value <0.05 was considered statistically significant. The data obtained from the sensory analysis were calculated as total points for each group.
Results
The volatile oils found in powdered cinnamon are listed as follows from high to low amounts, respectively: cinnamaldehyde, alpha-Coapene, caryophyllene, eucalyptol and others. Cinnamon powder volatile oil GC-MS chromatogram is shown in Figure 1 .
The number of Streptococcus thermophilus, a yogurt culture bacterium, was higher in the control group than in cinnamondoped yogurt (1% and 2.5%) groups (Figure 2a ). On the other hand, the number of these bacteria decreased in yogurts due to the increased cinnamon rate.The number of Lactobacillus delbrueckii subsp. bulgaricus, a yogurt culture bacterium, was similar in the control group and in 1% and 2.5% cinnamondoped yogurt groups (Figure 2b ). Only a statistically significant difference was found between the control group and cinnamon 1 (0.3%) group (p<0.05).The number of Bifidobacterium animalis ssp. lactis was significantly higher in the control group than the cinnamon groups (p<0.05) (Figure 2c ). There was no statistically significant difference between the cinnamon groups. Lactobacillus acidophilus, another probiotic bacterium used in the study, was statistically significantly higher in the control group compared to the cinnamon-added yogurts (p<0.05) (Figure 2d ).
The results of the chemical analyses of probiotic yogurt groups are presented in Table 1 with average amounts and standard deviations of % fat, % non-fat dry matter, % protein, % lactic acid and pH values together. The fat ratio of the control group (3.3±0.1%) was found to be higher than all cinnamon groups. There was no statistically significant difference between the results. Cinnamon-added (0.3%) yogurts had the lowest fat-free dry matter ratio, while the fat-free dry matter ratio also increased due to the increased cinnamon ratio. Statistically significant difference was found between all groups (p<0.05). The protein ratios of all yogurt groups, including the control group, were the same. Titration acidity of the control group was significantly higher than all cinnamon groups (p<0.05). On the other hand, titration acidity decreased due to the increased cinnamon rate. The pH value of the control group was significantly lower than the cinnamon groups (p<0.05). The pH value of yogurts increased due to the increased cinnamon ratio (4.06±0.08, 4.07±0.06 and 4.27±0.01 respectively).
When the sensory analysis of yogurts was scored, the control group received the highest score (160 points) in total, while the closest value to this score was in 0.3% cinnamon-added yogurt. Sensory analysis scores of yogurts with 1% and 2.5% cinnamon addition were found to be close to each other.
Discussion
Probiotics are microorganisms that are alive and can produce substances that encourage the reproduction of other microorganisms (22) . However, the effects of these microorganisms depend on the strain to which they belong and the dose in the product in which they are found. On the other hand, the survival, growth and viability of these microorganisms are affected by the stages of production of probiotic food (23) . It has been reported in various in vitro, in vivo and human studies that probiotic microorganisms in the product must be more than 1.0 x 10 6 cfu/g in order for a probiotic food to have therapeutic effect (24) . In our study, the number of probiotic bacteria was more than 1.0x10 6 cfu in each gram of all produced probiotic yogurts.
Cinnamon is widely used in the food industry because of its antioxidant effects, colour and flavoring properties, as well as in the medical, cosmetic, perfumery and nutraceutical industries (13) . Scientific studies also report that cinnamon has antibacterial effect besides its many bioactivities (12, 13) . On the other hand, cinnamon increases the safety of food products against foodborne pathogens and food-spoiling bacteria due to its antimicrobial and antibacterial properties and extends shelf life (12) . This is why cinnamon is an effective food preservative. The inhibiting effect of cinnamon on the development of Staphylococcus aureus, which is particularly contagious to food, is due to its various chemicals contained in cinnamon (25) . The most important chemical component in cinnamon is cinnamaldehyde, which has been reported to inhibit Staphylococcus aureus. As a result of GC-MS analysis of the cinnamon used in our study, cinnamaldehyde was found highest.
The antibacterial effect of cinnamon on gram-positive and gramnegative bacteria that cause infectious diseases in humans and on Salmonella typhimurium, S. aureus, E. coli, Arcobacter butzeiri and Arcobacter skirrowii that are food and cosmetic disrupting agents and lead to major public health problems has been shown in studies (12) . In our study, for the first time, the effect of cinnamon spice on yogurt and probiotic yogurt starter cultures was investigated. In all cinnamon groups, the number of B. animalis ssp. lactis and L. acidophilus probiotic bacteria decreased statistically significantly compared to the control group. The results of a study performed with L. rhamnosus, a probiotic bacterium, supports our findings. The number of L. rhamnosus was found to be lower in the cinnamon volatile oil-added (0.04%) yogurts compared with the control group (26) . In our study, the number of L. delbrueckii subsp. bulgaricus, a yogurt culture bacterium, increased as the ratio of cinnamon increased and the number of this bacterium was found to be lowest in the yogurt containing the lowest level of cinnamon (0.3%). Also, the ratio of cinnamon added affected the sensory analysis result of probiotic yogurts. Sensory analysis evaluation scores and number of Sc. thermophilus were similar in the control group and cinnamon 1 (0.3%) group. In a study, a positive correlation was found between sensory quality of yoghurts and the number of Sc. thermophilus, which supports our findings (27) . In the same study, was reported that the number of B. bifidum had a positive effect on the sensory quality of yogurt, and in our study, the sensory quality of the control group and the number of B. animalis ssp. lactis in the control group was found to be higher than other groups.
The fat ratio of probiotic yogurts produced in the study was higher than the fat ratio of milk used (3%). The average fat ratio of all groups was %3.2±0.5%. It has been observed that the fat ratios of yogurt groups to which cinnamon was added was not affected by cinnamon. A study by Lindasari (28) found that the fat ratio decreased as the rate of cinnamon extract added increased in probiotic yogurts made from goat's milk with 3%, 4%, 5% cinnamon extract added (fat ratios were 6.40±1.22%, 6.30±0.54% and 5.70±1.49%, respectively). The fat-free dry matter ratios of cinnamon-added probiotic yogurts were higher than the control group and the average of all groups was 8.62±0.69%. A study of probiotic yogurts produced by adding prebiotics also supports our results (29). The protein ratios of the yogurts we produced were the same (3.54%). This can be attributed to very low protein content in cinnamon (30) . On the other hand, the study of probiotic yogurts with cinnamon extract added showed that there was no correlation between the groups in terms of protein ratio (4.03±0.32%, 3.84±0.38% and 4.16±0.69%, respectively) (28) . Titration acidity was lower in cinnamon groups compared to the control group and a decrease was found due to cinnamon ratio (%0.97±0.05 in control group, %0.87±0.05 in cinnamon 1, %0.86±0.02 in cinnamon 2 and %0.74±0.01 in cinnamon 3). In a study, it was reported that no change in acidity and pH of probiotic yogurts produced from cow and camel milk with cinnamon added was observed (31) . In another study, titration acidity and pH values confirmed each other (1.66±0.15%, 1.69±0.01% and 1.87±0.12%) (28) . In our study, the pH value of the control group (3.98±0.08) was significantly lower than the cinnamon groups. In addition, the pH value of cinnamon groups increased due to the increased rate of cinnamon. On the other hand, in probiotic yogurts made from goat's milk with cinnamon extract (3%, 4% and 5%), pH values were lower compared to the control group, regardless of the rate of cinnamon extract (28) .
Cinnamon 1 and 2 groups with similar acidity values were also found to be close in total acceptability scores as a result of sensory analysis. In a study of probiotic yogurts with banana additives, it was reported that there was an association between acceptability of yogurts as a result of analysis of sensory properties of yogurts and acidity of yogurts (27) .
Conclusion
As a result, cinnamon added to probiotic yogurt has been shown to improve the microbial and chemical quality of the product and to have limited positive effects on sensory properties.
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